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y = 65.301x - 482.92
R2 = 0.66
y = 14.62x - 104.11
R2 = 0.37
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R2 = 0.52
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Figure 6
a. C1N1-8.6-H
c. C05N05-8.3-L d. C1N1-8.3-L
b. C1N1-8.6-L
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Busenberg and Plummer, 
(1985), Saline solutions
New data, dilute solution 
2 ppm SO4
New data, dilute solution 
20 ppm SO4
8.
y = 0.427x +1.94
R2 = 0.57
y = 0.4825x +1.50
R2 = 0.87






















































































































































































































































































































































































































































	 	 	 	 	 	 	 	 	 	 	








































































































































































































































































































Locus of initial conditions
Experimental progress
Weighted mean experimental 
condition with pH value
Figure S2
Ca decrease estimated from EC (mg/l)



























































Mucci and Morse (1983) data with Mg/Ca = 5
Figure S3
Supplementary	text	
Site	and	sample	description	of	cave	sites	containing	coeval	measurement	of	drip	water	and	
speleothem	sulphur	concentrations		
Coeval	speleothem	extraction	and	drip	water	chemical	monitoring	have	allowed	the	calculation	of	
site-specific	DSO4	values	at	the	following	cave	sites:	Rukiesa	cave,	Ethiopia;	Crag	Cave,	Ireland;	Uamh	
An	Tartair,	Scotland,	UK;	Browns	Folly	Mine,	UK;	Shimizu-do	cave,	Japan;	and	Ryuo-do	cave,	Japan.	
the	site	and	sample	descriptions	at	each	of	these	caves	is	documented	as	follows:	
Rukiesa	cave	is	located	within	the	Jurassic	limestone	beds	of	the	Mechara	karst	of	the	southeastern	
Ethiopian	plateau	(Asrat	et	al.,	2007,	2008).	The	cave	system	is	formed	in	a	linear	depression	and	
consists	of	horizontal	chambers	radiating	from	a	vertical	passageway.	The	two	main	chambers	were	
actively	monitored	between	2003	to	2007	and	named	as	‘Mercury’	chamber	located	at	a	depth	of	
approximately	25	meters	below	the	entrance,	and	Asfa	chamber	at	a	depth	of	approximately	30	
meters	(Asrat	et	al.,	2008).	Speleothems	were	collected	from	each	chamber	and	named	Merc-1	and	
Asfa-3	respectively.	Each	speleothem	has	provided	a	100	year	record	of	climate	based	on	growth	
rate	and	δ18Ocarbonate	(Baker	et	al.,	2007),	and	a	lipid	biomarker	record	of	land	use	change	(Blyth	et	al.	
2007).	Sulphur	concentration	in	the	most	recent	growth	of	each	stalagmite	was	determined	using	
HR-ICPMS	following	methods	detailed	in	Frisia	et	al.	(2005).	Crag	cave	is	developed	within	the	Lower	
Carboniferous	Limestone	of	County	Kerry,	Ireland	(McDermott	et	al.	1999;	Tooth	and	Fairchild,	2003;	
Baldini	et	al.,	2006;	Baldini	et	al.	2008;	Sherwin	and	Baldini,	2011).	The	sampled	stalagmite	(CC-Bil)	
was	collected	in	2002	and	has	demonstrated	an	approximately	linear	rate	of	growth	for	the	past	260	
years	(Baldini	et	al.,	2008).	Drip	water	chemical	monitoring	was	initiated	for	the	drip	feeding	
stalagmite	CC-Bil	in	April	2000,	and	continued	until	August	2005,	with	samples	obtained	
approximately	every	three	months	(Baldini	et	al.,	2006;	Baldini	et	al.,	2008).	Drip	rates	and	calcite	
deposition	were	recorded	underneath	the	drip	from	August	2009	until	February	2010,	but	no	
detailed	water	chemistry	data	was	recorded	over	this	interval	(Sherwin	and	Baldini,	2011).	The	
sulphur	record	contained	within	CC-Bil	is	reported	within	Wynn	et	al.,	2008	and	noted	to	reflect	
extensive	redox	cycling	in	the	sediments	above	the	cave.	Browns	Folly	Mine,	SW	England,	is	a	
limestone	mine	developed	in	the	Jurassic	Great	Oolite	Series	and	known	to	be	in	use	between	1836	
to	1886	(See	Baker	et	al.,	1998,	1999;	Baldini	et	al.,	2001;	Baldini	et	al,	2005;	Fairchild	et	al.,	2006	for	
further	site	details).	The	speleothem	BFM-BOSS	was	removed	in	1996	from	a	chamber	
approximately	300	metres	into	the	mine	and	has	provided	a	record	of	δ13C	and	δ18O	between	1916	
to	1996	reflecting	the	development	of	vegetation	across	the	site	since	the	cessation	of	mining	
activity	(Baldini	et	al.,	2005).	The	sulphur	record	contained	within	this	speleothem	is	heavily	
dominated	by	an	anthropogenic	pollution	signal,	reflective	of	the	industrial	heritage	of	the	area	
(Wynn	et	al.,	2008).	Uamh	An	Tartair	(‘Cave	of	the	Roaring’)	is	located	in	the	NW	of	Scotland,	UK,	
within	the	Cambro-Ordovician	dolomite	of	Inchnadamph,	Assynt	(Proctor	et	al.,	2000;	Fuller	et	al.,	
2008,	Baker	et	al.,	2012).	Speleothem	SU-96-7	was	removed	from	the	cave	in	1996	and	has	since	
provided	a	1000-year	record	of	climate	dynamics	based	on	growth	rate	(Proctor	et	al.,	2000;	Baker	
et	al.,	2015)	and	δ18O	proxies	(Baker	et	al.,	2011;	2012).	Monitoring	of	drip	water	chemistry	at	site	
SU-96-7	was	undertaken	between	2004-2007	and	is	presented	within	Fuller	(2006).	Sulphur	
concentration	in	the	most	recent	growth	of	SU-96-7	was	determined	using	HR-ICPMS	following	
methods	detailed	in	Frisia	et	al.	(2005).	The	Shimizu-do	and	Ryuo-do	caves	are	formed	within	the	
Palaeogene	Nanatsugama	calcareous	sandstone	of	Nagasaki,	Japan	(Uchida	et	al.,	2013).		
Speleothems	Shimizu-do	B	and	Ryuo-do-R1	were	actively	growing	upon	collection	and	were	used	to	
reconstruct	vegetation	dynamics	and	sulphur	source	characteristics	over	the	past	500	years	(Uchida	
et	al.,	2013).	Raw	data	comprising	speleothem	and	drip	water	sulphate	values	(2009-2011)	reported	
in	Uchida	et	al.,	(2013)	allow	calculation	of	DSO4	values	according	to	the	methods	presented	in	this	
paper	for	inclusion	in	the	global	dataset.	
